Introduction: We have recently reported that delayed cancer detection is associated with the Wellbeing Index (WI) for socioeconomic deprivation, lack of health insurance, physician shortage, and Hispanic ethnicity. The current study investigates whether these factors are determinants of cancer mortality in Texas, the United States of America (USA).
Introduction
A steady decline in cancer mortality in the United States has been observed in the past ten years, which is attributed to the reduction in the number of smokers, increased cancer screening, and better treatment [1, 2] . However, disparities in cancer mortality persist due to socioeconomic inequality, among other factors. For example, a lack of health insurance among poorer people limits their access to regular primary care in general and to cancer screening in particular, which may result in delayed cancer detection and treatment as well as increased mortality rates. Philips et al. [3] recently reported the results of principle component analysis (PCA) that a higher percentage of people with lung-bronchial, female genital system, and all-type cancers of advanced stages at first diagnosis among Texas counties were associated with a higher degree of socioeconomic deprivation as measured by the Wellbeing Index (WI) originally developed by Albrecht and Ramasubramanian [4] . Further studies by Belasco et al. [5] have shown that delayed detection of breast, colorectal, and lung-bronchial cancers are associated with the Health Care Accessibility Index, which is the first principal component score of a PCA when physician supply (the ratio of the number of physicians to population served) and percentage of residents without health insurance in a given county are combined with variables contained in the WI. The Philips team further demonstrated that Hispanics in Texas had a higher percentage of people with late-stage cancers (breast, lung, colorectal, female genital system, and prostate) at initial diagnosis in a univariate analysis in the study focused on county level population data [6] . This result is consistent in principle with findings by others that Hispanics tend to have a higher rate of late-stage cancers for lung, colorectal, prostate, and melanoma of the skin based on data from the 17 registries of the United States in Surveillance, Epidemiology, and End Results (SEER) Program [7] . However, after controlling for socioeconomic status, physician supply, and the percentage of the uninsured, we found that the higher percentage of Hispanics was associated with a lower percentage of late-stage lung and colorectal cancer rate at diagnosis [6] , a novel confirmation of the Hispanic Paradox [8] . The present study further investigates whether socioeconomic deprivation as measured by the WI, lack of health insurance, and physician supply are determinants of cancer mortality in Hispanics, non-Hispanic whites, and African Americans in Texas, USA. We also determine whether the Hispanic Paradox in cancer mortality is present in the context of socioeconomic deprivation.
Methods

Sources of data
Cancer mortality data from 2004 to 2008 were provided by the Texas Cancer Registry, Cancer Epidemiology and Surveillance Branch, the Texas Department of State Health Services (data available up to 2008) [9] . This database provides cancer data by year, age, county, ethnicity (Hispanic vs. Non-Hispanic), race, as well as population size for each county; the large span of five years offers more stable rates in the population, particularly in counties with a small population size. Three racial/ethnic groups are studied including Hispanics, non-Hispanic whites, and non-Hispanic African Americans. Cancer data between 2004 and 2008 are combined (the latest available data is the 2008 data) to match the five years of 2005-2009 American Community Survey data [10] (with a one-year lap) with "county" as a unit of observation. Cancer categories studied include breast, colorectal, female genital system, lung-bronchial, prostate, and alltype cancers. Female genital system includes cervix uteri, ovary, corpus and uterus, vagina, vulva, and others. We pool the five-year data to calculate age-adjusted mortality (deaths per 100,000 people) using the 2000 USA standard population [11] .
Socioeconomic variables used to construct the Wellbeing Index (WI) are derived from the 2005-2009 American Community Survey (US Census Bureau) [10] . Since this survey does not currently provide the percentage of people with disabilities, the remaining nine of the ten socioeconomic variables originally used to build the WI were employed in this model. 
Statistical analysis
A Poisson model was performed with the GENMOD procedure (SAS, Cary, NC) with cancer mortality as the response variable, while explanatory variables included WI, age (0-44, 45-54, 55-64, 65-74, 75-84 and ≥ 85 years), sex, ethnicity, physician supply, and percentage of the uninsured in a county. Weighted linear multiple regression was also performed with the GLM procedure with population size as the weight variable. The response variable is age-adjusted cancer mortality and the explanatory variables are WI, sex, physician supply, and percentage of the uninsured in a county analyzed separately for non-Hispanic whites, African Americans and Hispanics. Weighted Tobit regression model (with the SAS QLIM procedure) is also performed where cancer mortality at 0 is censored for counties without a single cancer death within a particular category of cancer in the five-year interval. This tends to produce a conservative estimate of the underlying theoretical mortality rate in the population segments. We also estimated age-specific mortality rates among counties with different socioeconomic status (five categorical WIs, WI 1 to WI 5, from low to high degree of socioeconomic deprivation) according to the method by Soto-Salgado et al. [14] . In addition, we estimated age-standardized mortality and the standardized rate ratio in counties with WI 1 vs. WI 5 according to Torres-Cintrón, et al. [15] .
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Results
Mortality from the Poisson model Table 1 shows that mortality of all categories of cancer is positively associated with WI with the exception of prostate cancer mortality, which is negatively associated with WI. Mortality is significantly lower in females vs. males in all categories of cancer involving both sexes. Mortality in each age group is significantly higher than the next younger age group in all categories of cancer with a few exceptions. Compared with non-Hispanic whites, African Americans had significantly higher mortality rates for alltype, colorectal, and lung-bronchial cancers, but had significantly lower mortality rates for prostate, breast, and female genital system cancers after adjusting for confounders. Hispanics had the lowest mortality rate for all the six categories of cancer studied.
Age-adjusted mortality in relation to ethnicity
When cancer cases in the entire State of Texas are combined by ethnicity, age-adjusted mortality of all six categories of cancer studied are in the following order from high to low: African Americans, non-Hispanic whites, and Hispanics ( Figure 1 ). The ethnic difference in mortality is notably larger for lung cancer: mortality rate in Hispanics is only 35% of African Americans' mortality and 40% of non-Hispanic whites' mortality. On the other hand, prostate cancer mortality in African Americans is several times that of non-Hispanic whites or Hispanics.
Age-adjusted mortality in relation to WI
Weighted multiple regression analysis with GLM shows that age-adjusted mortality for all-type, breast, female genital system and lung cancers is positively correlated with WI among African Americans while mortality of all-type, colorectal, and lung cancers is positively and significantly correlated with WI among non-Hispanic whites (Table 2) . Similar results are obtained with the QLIM Tobit model. Paradoxically, mortality of all-type, breast, female genital system, and lung cancers is negatively correlated with WI in Hispanics (Table 2) , although its colorectal cancer mortality is positively associated with WI.
Age-adjusted mortality in relation to percent uninsured
Hispanics had the highest percentages of uninsured, followed by non-Hispanic Black-Other ethnic group, and Anglos had the lowest. Age-adjusted mortality of alltype, colorectal, and lung cancer is positively correlated with the percentage of uninsured individuals among non-Hispanic whites. Among African Americans, ageadjusted mortality is not associated with the percentage of uninsured individuals for all categories of cancer except for all-type cancer, which is negatively associated with the percentage. Age-adjusted mortality for lungbronchial cancer is positively associated with the percentage of the uninsured, while age-adjusted breast cancer mortality is negatively correlated with the percentage among Hispanics (p = 0.0001, Table 2 ).
Age-adjusted mortality in relation to physician supply
As expected, mortality of certain categories of cancer (all-type, colorectal, and lung) is negatively correlated with physician supply among non-Hispanic whites (Table 1) . However, mortality for any cancers studied is not correlated with physician supply among African Americans, while breast cancer mortality is paradoxically positively correlated with physician supply in Hispanics (Table 2) .
Age-specific and age-standardized mortality among categorical WI Table 3 shows that age-specific mortality varies according to categorical WI and cancer type. In many cases, mortality rate of WI 5 is the lowest, while mortality rate of WI 1 is significantly higher than that of WI 5 for many age groups for several cancers as judged by their ratio and confidence interval at α = 0.05; after Bonferroni correction for multiple comparisons, most of the differences are not statistically significant. Table 4 shows that age-standardized mortality in WI 5 is the lowest in most cancers and is significantly lower than that of WI 1 .
Discussion
This study, for the first time, reports that age-adjusted mortality rates of all-type, lung and/or female genital system cancers are positively and significantly correlated with socioeconomic deprivation as measured by the WI among non-Hispanic whites and African Americans, but paradoxically negatively correlated with WI among Hispanics. These results in non-Hispanic whites and/or African Americans (but not Hispanics) resonate with the results of the previous study showing that the percentage of late-stage cases (a measure of delayed diagnosis) of all-type, lung, and female genital system cancers is positively and significantly correlated with WI in Texas counties [3] . Thus, the association between WI and delay in the diagnosis of these cancers coincide with the association between WI and age-adjusted mortality of the same cancers in non-Hispanic whites and/ or African Americans. This makes it plausible that a causal relationship may exist between delayed diagnosis and increased mortality rates of these cancers. Moreover, this study shows that age-adjusted mortality of colorectal cancer is also positively correlated with WI among non-Hispanic whites, although the ratio of lateto-early stage cases of colorectal cancer is not correlated with WI in the earlier report [3] . As discussed earlier, the lack of correlation between WI and delayed colorectal cancer diagnosis is partly due to polypectomy more frequently seen in socioeconomically better-off counties, which reduces cancer cases at the early stage [3] . On the other hand, polypectomy tends to reduce the risk of colorectal cancer and hence its mortality, resulting in a positive correlation between WI and colorectal cancer mortality. Lack of insurance will lead to a higher percentage of late-stage colorectal cancer cases and higher mortality in all ethnic groups including Hispanics. We emphasize that the positive association between age-adjusted colorectal cancer mortality and WI is not observed in African Americans, signifying the ethnic difference. Conversely, a positive association between ageadjusted breast cancer mortality and WI is observed in African Americans but not in non-Hispanic whites. The absence of association between age-adjusted breast cancer mortality and WI in non-Hispanic whites may be due to the fact that breast cancer incidence is very high among this ethnic group (due to genetic predisposition to breast cancer which is hardly modified by environmental factors such as socioeconomic deprivation) in addition to the lack of effective measures for early detection and treatment regardless of health insurance or socioeconomic status. Such a phenomenon is termed "length-time bias" because more aggressive tumors such as breast cancer often develop into advanced-stages before the next screening [16] .
One of the unexpected results is the finding that higher age-adjusted mortality in four of the six categories of cancer studied is paradoxically associated with lower degree of socioeconomic deprivation (i.e., lower WI) in Hispanics, in sharp contrast with findings in non-Hispanic whites and African Americans. To the best of our knowledge, this is the first report of such a unique "Hispanic Paradox". The paradox may be due to the following facts. The WI map [3] is very similar to the map of the percentage of Hispanic population [17] , especially along the Mexico-US border. Thus, the WI to a certain degree reflects the percentage of Hispanics (i.e., they are correlated) who tend to have lower mortality in all categories of cancer studied (Figure 1 ), resulting in a paradoxical association of higher WI with lower mortality. The influences of WI and Hispanic ethnicity on the ageadjusted mortality of certain cancers are in opposite directions. When both Hispanic ethnicity and socioeconomic deprivation are at play, Hispanic ethnicity predominates over socioeconomic deprivation in their effect on the mortalities of certain cancers. The correlation between WI and percentage of Hispanics points to an inherent shortcoming of the WI as a measure of socioeconomic deprivation in predicting health status (a weaker predictor than Hispanic ethnicity in certain cases). Also, the WI may reflect the socioeconomic status of the predominant ethnic group (e.g., Hispanics along the Mexico border and non-Hispanic whites in non-border counties). The findings that age-standardized mortality and agespecific mortality is higher in category WI 1 than WI 5 in certain age groups and cancer types may similarly reflect the fact that more Hispanics reside in counties with WI 5 . Clearly, it is inadequate to predict cancer mortality solely based on socioeconomic status; ethnic differences must be taken into consideration. An exception is that higher colorectal cancer mortality is positively associated with higher WI in Hispanics, which may reflect the fact that colonoscopy plays a very critical role in cancer control; colonoscopy is more expensive than screening of other cancers and therefore is more dependent on socioeconomic status in Hispanics as well.
Multiple regression with the Poisson model has provided an overall assessment when all dependent variables, including age and ethnicity, are entered as covariates where mortality is not standardized by age with a standard population. Specifically, the results show that mortality is increasing with age for all categories of cancer with a few exceptions for certain cancers. Compared with non-Hispanic whites, mortality for any category of cancer studies is lower in Hispanics, consistent with the results of analysis where mortality is age-adjusted with a standard population (Figure 1) . However, the Poisson model shows that mortality rates for several cancers (prostate, breast, and female genital system) are significantly lower in African Americans than non-Hispanic whites, in "contradiction" with their respective age-adjusted mortality rates seen in Figure 1 . In fact, this may not be a contradiction because the results are obtained from different types of analysis: mortality is age-adjusted with a standard population for the latter (Figure 1 ), but is "adjusted" for all variables (the percentage of the uninsured, physician supply, etc.) in the former (Poisson model). In other words, if health insurance coverage, physician supply, and other conditions were similar (kept constant), African Americans should have had lower rates for these cancers. In addition, this "contradiction" could be partly due to the fact that in the Poisson model, mortality was not age-adjusted with a standard population, which is a common practice for comparison among different populations. Rather, age is entered as a covariate in the Poisson model. Cautions should be taken when mortality is not age-standardized when comparing different populations. Currently, we do not know the exact mechanisms whereby Hispanics tend to have much lower age-adjusted mortality rate compared with non-Hispanic whites and African Americans. Most accepted is a theory of the selective immigration of healthy immigrants [8] . We hypothesize that the difference in cancer mortality between Hispanics and non-Hispanic whites is largely attributed to the difference in the percentage of smokers. The U.S. Center for Disease Control and Prevention reported that the percentage of smokers were much lower among Hispanics than non-Hispanic white or African Americans [18] . Also, the American Cancer Society recently reported that tobacco use accounts for at least 30% of all cancer deaths and 87% of lung cancer deaths [19] . If this ethnic difference in cancer mortality is related to the difference in percentage of smokers, then the following features should be observed: (1) The difference in lung cancer mortality should be larger than that of all cancer mortality among populations with different percentages of smokers. (2) After adjustment for the percentage of smokers, differences in both mortality rate for lung cancer and all cancer should be reduced. We calculated mortality rate among non-Hispanic whites when assuming the percentage of smokers is the same as that in Hispanics (14.4%) [19] . The results showed that the mortality in non-Hispanic whites is very close to that of Hispanics for both lung cancer mortality and all cancer mortality. Similarly, when the percentage of smokers in Hispanics is the same as nonHispanic whites (24.2%) [19] both lung cancer mortality and all cancer mortality are almost the same as that of non-Hispanic whites. This Fewer Smokers Hypothesis for the Hispanic Paradox in cancer mortality was first presented by Philips et al. in early 2011 [20] . Blue and Fenelon have recently demonstrated that tobacco usage explains more than 50% of the difference in life expectancy [21] . These findings emphasize the importance of smoking cessation for effective cancer control.
Limitations
There are several limitations in this study. One of the limitations of analyzing aggregate data such as ours is that results found in ethnic groups, counties, etc. may not apply to every member of the ethnic group, county, etc. Cautions should be taken when interpreting the results. Also, many cancer cases with unknown race or unknown Hispanic origin (1.6%) are excluded from data analysis. However, we believe that this small percentage would not significantly bias our results. This notion is supported by the fact that The Texas Cancer Registry meets the nation's high quality data standards [9] .
Conclusions
Higher degree of socioeconomic deprivation is associated with higher mortality rates of several cancers among non-Hispanic whites and/or African Americans and is paradoxically associated with lower mortality of most cancers studied among Hispanics. This Hispanic Paradox may result from the fact that the percentage of Hispanics is correlated with the WI. The fact that the ethnic difference in lung cancer mortality is much larger than that of all cancer mortality supports the recently proposed Fewer-Smoker Hypothesis of the Hispanic Paradox. Tobacco-smoking cessation is important for effective cancer control. 
